Ornithogalum is a flowering bulbous plant. It is a very popular cut flower, with renewed interest from the European market in the yellow and orange South African species. In vitro propagation is currently used for propagation, but the industry is also requiring cheaper in vivo multiplication. The mature vegetative leaves of three non-flowering Ornithogalum lines were used: E263-1 (O. thyrsoides), "Tipper" ( O. thyrsoides hybrid) and A7 (O. thyrsoides hybrid). The effect of two indole-3-butyric acid (IBA) concentrations were tested in combination with the effect of bottom heat and two soil mixtures. The largest number of bulbs were produced in the absence of bottom heat and being treated with 2 000 ppm IBA. The largest bulbs were produced with 24,5°C bottom heat and 1 000 ppm IBA.
INTRODUCTION
Ornithogalum is a flowering bulbous plant, producing a very popular cut flower with a long vase life. Ornithogalum thyrsoides is known in Europe since the 19 th century, with renewed interest in the yellow and orange South African selections.
In a multiplication program it is advisable to use a combination of several methods. Micro-propagation is ideal to achieve an initial high number of bulbs, but too expensive to continue into large numbers (Rees 1992) .
Some bulbous plants have the capacity to regenerate plantlets from leaf cuttings. Mature leaves are removed from the growing plant and placed with the cut ends in rooting medium. Cutting across p rominent veins can help induce plantlet formation on the wounds. It is essential to prevent the leaves from drying out. The method has been used successfully for Lachenalia (Perrignon 1992 and Suh et al, 1997) , Hyacinthus, Lilium, Haemanthus and Muscari (Rees 1992) .
In vitro propagation of Ornithogalum has been studied extensively (Hussey 1975 , Hussey 1976 , Klesser and Nel 1976 , Nel 1981 and Niederwieser et al., 1990 and is currently used to propagate new Ornithogalum cultivars, but the industry is also requiring a cheaper clonal propagation method. The aim of this study is to determine the optimal conditions to produce Ornithogalum bulbs in vivo from leaf cuttings.
MATERIAL AND METHODS
The mature vegetative leaves of three non-flowering Ornithogalum lines were used, since cuttings taken during the vegetative rather than the reproductive phase often performed better (Poincelot 1979 ): E. 263-1 (Ornithogalum thyrsoides Jacq.), "Tipper" (Ornithogalum thyrsoides Jacq. hybrid) and A7 (Ornithogalum thyrsoides Jacq. hybrid). The leaves were cut at the leaf bases and whole leaves were used. Nine treatments were tested. The effect of two IBA (indole-3-butyric acid) concentrations was tested. This treatment was combined with the effect of bottom heat (~24.5ºC vs ~14ºC) and two soil mixtures (Table 1 ). The freshly cutted leaf bases were dipped in the different IBA solutions for ten seconds and then placed in separate holes of a plastic seedling tray filled with the different soil mixtures. Each treatment was replicated four times and randomly placed in the Proteaceae rooting house at Agricultural Research Council Roodeplaat's facilities at Elsenburg. Elsenburg is situated 33°50'S, 18°50'E and 200 meters above sea level. The rooting house had a polycarbonate roof with shade cloth walls for ventilation and a mist irrigation system. Electrical cables imbedded in cement supplied the bottom heat.
RESULTS
The number and size (diameter in millimeters) of the bulbs that formed on the leaf's bases were used to evaluate the t reatments. Figure 1 and Figure 2 summarize and compare the reactions of the three Ornithogalum lines to the nine treatments (Table 1) .
DISCUSSION E. 263-1 (O. thyrsoides):
Highly significant differences between treatments in the number (P=0.0001) and in the size (P=0.0001) of bulbs that were produced. The highest number of bulbs (31.39) were produced when sand was used as medium, without bottom heat and hormone treatment, but these bulbs were very small (3.61mm in diameter). In the presence of bottom heat and 1 000ppm IBA the biggest bulbs were produced. Diameters of 6.95mm and 6.58mm were recorded for Treatments 1 and 2 respectively.
Heat played a significant role (P=0.0078) in the number of bulbs that were produced. In the absence of bottom heat on average 2.82 more bulbs were produced. The combination of IBA and heat played a highly significant role (P=0.0008) in bulb size. In the presence of bottom heat and with a lower IBA concentration the biggest bulbs were produced.
Tipper (O. thyrsoides hybrid):
No significant difference in the number of bulbs that were produced (P=0.0863), but a highly significant difference between treatments in the size of the bulbs that were produced (P=0.0089). Again the sand medium gave the highest number of bulbs (12.82), but the smallest bulb size (4.03mm in diameter). The biggest bulbs (5.72mm in diameter) were however produced in the peat/polystyrene mixture using bottom heat and 1000 ppm IBA, but in smaller quantity (8.18).
For the production of large numbers of bulbs the medium played a significant role (P=0.024). More bulbs were produce in peat than the in peat/polystyrene mixture. Bulb size were significantly (P=0.003) increased with 0.78mm in diameter on average by supplying bottom heat.
A7 (O. thyrsoides hybrid):
Highly significant differences were recorded between treatments in the number (P=0.0001) and in the size (P=0.0122) of bulbs that were produced. The highest number of bulbs (11.35), with relative large bulbs (5.26mm in diameter), were produced in the peat/polystyrene mixture with 2 000 ppm IBA. The peat/polystyrene mixture produced the largest bulbs (7.08mm in diameter), but with the smallest number of bulbs (5.86) in combination with bottom heat and 1 000 ppm IBA.
Heat and IBA significantly influenced the number of bulbs (P=0.0593) and the size of the bulbs (P=0.0126). In the presents of 2 000 ppm IBA, but with no bottom heat on average 4.59 more bulbs were produced. Size was depended on the interaction between the heat and the IBA concentration, but the lower IBA concentration with bottom heat seemed to be the better treatment.
CONCLUSION
The three O. thyrsoides types differed in their reactions on the nine treatments, therefore it seems that the optimum production of bulbs from leaf cuttings is quite cultivar specific. Generally the largest number of bulbs were produced in a peat or sand medium Treatments (see Table 1) Size (diameter in millimeter)
E263 LSD (P=5%) = 5.313
Tipper LSD (P=5%) = 3.612 A7 LSD (P=5%) = 2.423
